Background {#Sec1}
==========

Early screening for prostate cancer (PCa) can significantly lower disease-related morbidity and even prolong life expectancy \[[@CR1]\]. Transperineal template-guided prostate biopsy (TTPB) is one of most effective procedures for detection of prostate cancer \[[@CR2], [@CR3]\]. However, compared with the transrectal biopsy, transperineal route may cause more pain \[[@CR4]\]. In the absence of anesthesia, about 20% of patients refused to undergo prostate biopsy \[[@CR5]\]. Therefore, effective anesthesia is a important precondition for successful prostate biopsy \[[@CR6]\]. Periprostatic nerve block (PNB) has attracted more and more attention due to its excellent analgesic effect and high safety. At present, PNB is regarded as the "golden standard" of analgesia during prostate biopsy \[[@CR7]--[@CR10]\]. In 1996, Nash et al. \[[@CR11]\] were the first to introduce PNB, and found that it can relieve the pain during transrectal ultrasound (TRUS) -guided prostate biopsy. Conde et al. \[[@CR12]\] found that the anesthesia effect of PNB was superior to oral morphine. Hergan et al. \[[@CR13]\] conducted a meta analysis of fourteen trials and found that PNB had better anesthesia effect than that of local anesthesia or placebo. However, some patients have poor response to PNB in clinical practice. Apart from sensitivity to pain, most of these patients were with larger prostate volume \[[@CR14]\]. It may be that, due to the increase in prostate volume may lead to a decrease in prostate cancer detection rate \[[@CR15]\]. Hence, in order to improve the positive rate, it is necessary to increase the number of needles, which aggravates the pain of patients. Kevar et al. \[[@CR16]\] called the condition as "cumulative pain". Besides, the irregular growth of prostate cancer \[[@CR17]\] increases the difficulty of locating the angle prostate-bladder-seminal vesicle. In addition, Nguyen et al. \[[@CR18]\] found that apical biopsies were more painful than were biopsies from other areas of the prostate under PNB.

Hence, PNB cannot completely eliminate discomfort. A small number of nerve fibers are located on the anterior and superolateral parts of the prostate, and PNB does not block these nerve fibers, which is the limitation of PNB. Recently, some studies have shown that direct blocking of the origin of the prostatic nerves, the pelvic plexus, may obtained better analgesia \[[@CR19]--[@CR22]\].

In this study, we compared pelvic plexus block (PPB) with conventional PNB to evaluate whether PPB has better anesthetic efficacy in the process of TTPB.

Methods {#Sec2}
=======

Clinical data {#Sec3}
-------------

The prospective, randomized controlled study was done in our hospital from July 2016 to August 2017. Ethics clearance was obtained from the Clinical Medical College of the Yangzhou University.

Study inclusion criteria included: digital rectal examination findings nodules; and/or ultrasound or magnetic resonance imaging revealings suspicious of prostate cancer; and/or PSA4 \~ 10 ng/ml with an abnormal free/total PSA or PSA density; and/or PSA \> 10 ng/ml. Exclusion criteria were chronic pelvic pain syndrome, chronic prostatitis, previous prostate biopsies, allergy to local anesthetic, bleeding disorder, pathological rectum, active urinary tract infection and taking analgesic medications. All patients signed a written informed consent before prostate biopsy. Assisted by a computer program, an independent researchers used a random number table to randomly divide the patients into three groups. The patients of group-1 received prostate capsule local anesthesia (PLA), group-2 received PNB in addition to PLA, and group-3 received PLA along with a PPB. Regarding the grouping assignment, the patients were unaware the details.

Biopsy procedure {#Sec4}
----------------

The biopsy device included: A biplanar TRUS probe (Flex focus 1202; BK, Naerum, Denmark), brachytherapy stepping unit (Fixer, template, stepper) (Mick Radio-Nuclear Instruments, Mount Vernon, NY, USA), Bard biopsy gun (Bard MCl 820) and an 18-gauge biopsy needle.

Before prostate biopsy, complete blood cell count with differentiation, coagulation test and comprehensive metabolic panel were routinely performed. The patients were given oral intestinal clearance drugs one day before operation and emptied their stools on the morning of operation.

The patients were placed in a lithotomy position and underwent a conventional digital rectal examination. The TRUS probe was fixed on the brachytherapy stepping unit and was placed into the rectum. Then, the patients received the following anesthesia:

Group-1 (PLA): under the guidance of TRUS, the projection range of prostate in perineal skin was observed. In an area larger 0.5 cm than this range, infiltration anesthesia of perineal skin used 10 ml of 1% lidocaine. Then infiltration anesthesia was performed on the apex of the prostate. At the 1, 3, 5, 7, 9 and 11 o'clock of the area which prostate apex projected in the perineal skin, the syringe enters from these points and injected 12 ml of 1% lidocaine near the apex of the prostate.

Group-2 (PLA + PNB): for PNB, by rotating the TRUS probe, the vessels in the prostatic neurovascular bundle (NVB) can be observed at the prostate-bladder-seminal vesicle angle. Therefore, the NVB can be located by blood vessels. In the region of NVB, ANSll 0.5 mm ∗ 112 mm spinal needle was used to inject 5 ml of 1% lidocaine to perform PNB. The same was done for the other side (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1PNB: 5 ml of 1% lidocaine was injected into the position adjacent to the prostatic neurovascular bundle, location at the prostate-bladder-seminal vesicle angle

Group-3 (PLA + PPB): for PPB, under color Doppler ultrasound guidance, pelvic plexus was positioned which situated in the lateral to the apex of bilateral seminal vesicles. Then, in the area of the pelvic plexus, 5 ml 1% lidocaine was injected (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2PPB: 5 ml of 1% lidocaine was injected into the region of the pelvic plexus, situated lateral to the apex of the seminal vesicles

To avoid injecting local anesthetic into the vessels, the syringe was aspirated before injecting local anesthetic in the three groups. After 5 min, prostate biopsies were performed.

Pain and complication assessment {#Sec5}
--------------------------------

Pain was evaluated by the visual analog scale (VAS; 0, none; 10, intolerable pain), and satisfaction was quantified using a visual numeric scale (VNS; 0, terrible; 4, perfect); only integers were allowed \[[@CR23], [@CR24]\]. Another independent resident and the patients were 'blinded' to the type of anesthesia given. The resident explained the VAS and VNS to the patients and requested them to rate their level of pain or satisfaction. VAS scores and VNS scores had two time points: VAS-1 and VNS-1 during the biopsy procedure, and VAS-2 and VNS-2 at 30 min after the procedure. The patients recorded the VAS and VNS scores without any other assistance.

Patients were given a nonvalidated self-administered questionnaire about complications such as hematuria, hemospermia, urinary retention and infection.

Statistical analysis {#Sec6}
--------------------

Epi Info™ 7 (WHO, Geneva, Switzerland) was used for sample size calculation. 95% CI, 5% α error, 80% power and 90% population proportion were set. It was estimated that at least 42 men would be needed for each of the three groups. And according to the 20% predicted clinical missed follow-up rate, at least 51 patients in each group were required.

Data analysis was performed using SPSS (version 19.0; IBM Corp, Armonk, NY) statistical software. The VAS scores and VNS scores were shown as mean ± SD and were compared using the one-way ANOVA test. And the rates of complications were compared using *χ*^2^ test. *P* \< 0.05 was considered statistically significant.

Results {#Sec7}
=======

From July 2016 to August 2017, 271 patients were performed TTPB in Clinical Medical College of Yangzhou University. Of these, 21 patients did not fulfil inclusion criteria and 5 did not provide consent. Ultimately, 245 patients were randomized into three groups. Groups-1, 2 and 3 included 81, 83 and 81 patients, respectively (Fig. [3](#Fig3){ref-type="fig"}). The age, prostate volume, serum PSA level and the number of cores showed no significant differences among these three groups, as presented in Table [1](#Tab1){ref-type="table"}.Fig. 3The flow diagram of the study as per the Consolidated Standard of Reporting Trials guidelinesTable 1The patients' characteristics in the three groupsGroups*N*Age(years)Prostate volume (ml)PSA level (ng/ml)Number of coresGroup-18167.2 ± 9.547.7 ± 19.333.1 ± 23.123.3 ± 8.5Group-28368.2 ± 8.646.7 ± 20.430.9 ± 21.722.9 ± 8.2Group-38167.9 ± 9.148.2 ± 19.235.3 ± 22.623.1 ± 8.2*P* value0.7900.8850.4750.945

In groups-1, 2 and 3, VAS-1 was 3.3 ± 1.6, 2.7 ± 1.3 and 2.1 ± 1.1, and VNS-1 was 2.8 ± 0.9, 3.1 ± 0.8 and 3.3 ± 0.2, respectively. The pain scores in group-3 were significantly lower than in group-2 (*P* = 0.003). Both the group-2 and group-3 outperformed the group-1 in alleviating pain. Satisfaction scores in group-3 were significantly higher than in group-2 (*P* = 0.039). Group-2 and group-3 were higher than group-1 in terms of satisfaction. In groups-1, 2 and 3, VAS-2 was 0.7 ± 0.4, 0.6 ± 0.5 and 0.5 ± 0.3, and VNS-2 was 3.5 ± 0.6, 3.5 ± 0.6 and 3.7 ± 0.8, respectively. At 30 min after the procedure, there were no statistically significant differences in VAS scores or VNS scores among the three groups (Table [2](#Tab2){ref-type="table"}).Table 2The VAS scores and VNS scores in the three groupsGroupsGroup-1 *n* = 81Group-2 *n* = 83Group-3 *n* = 81*P* valueGroup-1 vs 2Group-1 vs 3Group-2 vs 3VAS-13.3 ± 1.62.7 ± 1.32.1 ± 1.10.0070.0000.003VAS-20.7 ± 0.40.6 ± 0.50.5 ± 0.30.1690.0710.572VNS-12.8 ± 0.93.1 ± 0.83.3 ± 0.20.0270.0000.039VNS-23.5 ± 0.63.6 ± 0.33.7 ± 0.80.5110.0710.323

There was no significant difference in complications including hematospermia, hematuria, infection and urinary retention among the three groups (Table [3](#Tab3){ref-type="table"}).Table 3The complications of prostate biopsy \[% (cases)\]Groups*N*hematuriaurinary retentioninfectionhemospermiaGroup-18132.1 (26)3.7 (3)2.5 (2)3.7 (3)Group-28333.7 (28)2.4 (2)2.4 (2)3.6 (3)Group-38130.9 (25)2.5 (2)1.2 (1)4.9 (4)*P* value0.9250.8600.5790.895

Discussion {#Sec8}
==========

TTPB has become one of the most commonly methods for the diagnosis of Pca. As an invasive operation, TTPB is related to obvious discomfort and pain.

Currently, PNB is safe, easily performed and high-efficiency, and it is generally regarded as the preferred method for analgesia during biopsy needles inserting into the prostatic tissue \[[@CR7]--[@CR10]\]. Recently, PPB was reported to have a definitive theoretical advantage for decreasing pain, challenging conventional PNB \[[@CR19]--[@CR22]\].

The nerves of the prostate come from the pelvic plexus, including the sympathetic and parasympathetic nerves. The sympathetic nerve fibers are mainly transmitted to the pelvic plexus through the superior hypogastric plexus. Parasympathetic fibers originate from the 2--4 sacral spinal nerves and are transmitted through them. These nerves unite to form the pelvic plexus \[[@CR21], [@CR25]\]. And which is rectangular and 4 to 5 cm in length. The midpoint of pelvic plexus is located on the lateral to the apex of bilateral seminal vesicles. The pelvic plexus is penetrated by many vessels that supply the the prostate, seminal vesicles, bladder and rectum. At the most caudal portion of the pelvic plexus, the nerve innervating the prostate and the cavernosal nerves, the prostatic plexus, is generated \[[@CR26], [@CR27]\]. Subsequently, the prostatic plexus and the vessels of the prostate form the NVB, which is distributed along the posterolateral margin of the prostate and is considered to be the primary nerves innervating the prostate. However, there are a few other nerve fibers also running on the anterior and superolateral surfaces of the prostate \[[@CR11], [@CR19], [@CR27], [@CR28]\].

PNB mainly blocks the prostatic plexus located on the posterolateral side of the prostate, which is the primary nerve that supplies the prostate \[[@CR19]--[@CR22]\]. However, a small number of nerve fibers located on the anterior and superolateral parts of the prostate were omitted and thus not blocked. This may be the reason why a research has found that biopsies at the apex of the prostate were more painful than those at other sites \[[@CR18]\]. PPB directly injects lidocaine into the pelvic plexus, and all nerve fibers supplying to the prostate are blocked. Hence, compared with PNB, PPB have theoretical advantages.

Wu et al. \[[@CR22]\] first reported PPB. Under grayscale ultrasound guidance, they injected 5 ml of 1% lidocaine into lateral to the seminal vesicles apex. However, they didn't find any reduce the pain associated with biopsy. Conversely, Akpinar et al. \[[@CR21]\] found that compared with PNB, the analgesic efficacy of PPB (2 ml 2% lidocaine for each pelvic plexus) was better. Cantiello et al. \[[@CR19]\] mixed 1% lidocaine with 0.75% Naropin and injected 2.5 ml mixture into each pelvic plexus lateral to the apex of the seminal vesicles under the guidance of color Doppler ultrasound. Jindal et al. \[[@CR20]\] injected 2.5 ml 2% lidocaine into the bilateral pelvic plexus. In studies of Cantiello et al. and Jindal et al., they reported PPB had a better anesthetic effect than did PNB. The results of the last three researches are different from those of Wu et al., and the reason may be related to the use of color Doppler ultrasound, which can provide more accurate positioning of pelvic plexus.

All of the above studies were meant to explore the anesthetic efficacy of PPB in the transrectal prostate biopsy. Owing to the high positive rate and few complications, The value of TTPB in the diagnosis of Pca is becoming more and more important \[[@CR2], [@CR3]\]. Hence, we evaluated the anesthetic efficacy of PPB in TTPB in this study. Our present outcomes showed that the PPB group had higher satisfaction and lower pain scores than did the PNB group. Both these groups had higher levels of satisfaction, and pain control was better than that in the group without any nerve block. After 30 min of the biopsy, most patients returned to normal without pain. There were no differences in pain scores or satisfaction scores at 30 min after the procedure among the three groups.

Doppler ultrasound can avoid damage to the vessels and accurately inject the local anesthetics into the region of the pelvic plexus, thus reducing the incidence of complications related to the nerve block anesthesia technique, especially vascular complications. In our study, there was no significant difference in complications including hematospermia, hematuria, infection and urinary retention among the three groups .

Our study has several limitations. We assessed pain scores and satisfaction scores after biopsy. This might lead to 'recall bias'. Nevertheless, we chose this method for avoiding any possible factors for disturbing biopsy performed by the resident, which may affect the scores. Although VAS and VNS are relatively objective indicators of pain detection, the evaluation of pain is still dominated by the subjective feelings of patients, and there is a lack of objective quantitative indicators, which needs further study. And in the future, we would study whether PPB results in more adhesions, making the surgical steps more difficult. We also need to explore whether it affects erectile function and urinary continence.

Conclusions {#Sec9}
===========

Under the guidance of color Doppler ultrasound, PPB has better analgesic efficacy than did PNB in TTPB process and both were superior to no nerve block.
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